This paper presents a simplified first order shear deformation theory (FSDT) for laminated composite and sandwich plates. Unlike the existing FSDT, the present one has a novel displacement field which include undetermined integral terms and contains only four 
presented also polynomial HSDTs with cubic variations for in-plane displacements as in the paper by Reddy [29] . To account for the thickness stretching effect (i.e., Ɛz≠0), Lo et al. [35] and Kant et al. [36] introduced HSDTs in which in-plane and transverse displacements are assumed as cubic and parabolic variations through the thickness, respectively. In addition to the aforementioned works, more recently, Mantari et al. [37] [38] [39] proposed the use of several trigonometric functions for in-plane and transverse displacement field.
It is worth noting that some of the abovementioned HSDTs are computational costly due to additional unknowns introduced to the theory (e.g., theories by Refs. [31, 32] with seven unknowns, Ref. [33] with nine unknowns, Refs. [35, 36] with 11 unknowns).
Moreover, in many of the abovementioned HSDTs as in the CPT or the simple FSDT proposed by Thai [13] , the expression ∂w/∂x or ∂/∂x are present in the displacement field. Consequently, the numerical computation is harder to handle. Normally C 1 -FEM is required. However, this can be changed if the displacement field is composed with undetermined integral terms as in this paper.
In this paper, a simplified FSDT for the dynamic study of single and sandwich laminated composite plates is presented. The addition of the integral term in the displacement field leads to a reduction in the number of unknowns and governing equations. Closed-form solutions of simply supported antisymmetric cross-ply laminates are obtained. The results are in many cases equal to the classical FSDT. Consequently, the capability of the present FSDT is validated.
Theoretical Formulation

Kinematics:
In this study, further simplifying assumptions are made to the existing FSDT so that the number of unknowns is reduced. The displacement field of the existing FSDT is
given by Whitney and Pagano [99]:
). , 
functions of the mid-plane of the plate. In this paper a novel displacement field with 4 unknowns is proposed: 
Constitutive equations:
The linear constitutive relations are given below: 
where E is the modulus of elasticity in the main direction, G is the shear modulus in the plane.
Hamilton's Principle:
Hamilton's Principle is applied to the present case, the following expressions can be obtained:
where U is the total strain energy due to deformations and K the kinetic energy.
Substituting the appropriate energy expressions can be obtained:
substituting corresponding terms, 
where
 are the stresses and the strain vectors,  and  are derived from Navier method (13) , and N i , M i , and Q i are the resultants of the following integrations:
where K is the shear correction factor. The inertia term are defined by the following integrations:
Plate governing equations
Using the generalized displacement-strain relations (Equations (3a-e) and (4a-h)) and stress-strain relations (Equation 5), and applying integrating by parts and the fundamental lemma of variational calculus and collecting the coefficients of
, the equations of motion are obtained as: 
Note that by the Navier method, the following equality can be obtained:
In what follows, the problem under consideration is solved for the simply supported boundary conditions and they are given at all four edges as follows: 
Analytical Solution
For the analytical solution of the partial differential equations (11a-d), the Navier method, based on double Fourier series, is used under the specified boundary conditions (Equations 12a-e). Using Navier's procedure, the solution of the displacement variables satisfying the above boundary conditions can be expressed in the following Fourier series:
Substituting Solution functions (13a-d) into Equations (11a-d), the following equations are obtained, 
Numerical results and discussions
In this section, various numerical examples are described and discussed to verify the accuracy of the present theory. analyzed using Material 1. Dimensionless fundamental frequencies are given in Table 2 for various values of modulus ratio and ply number. The obtained results are compared with the exact 3D solutions reported by Noor [40] and those generated by Thai [12] [13] using FSDT.
Here also the results obtained by the present FSDT are almost identical with those predicted by existing FSDT [12] and FSDT [13] . This statement is also firmly demonstrated in Fig. 2 in which the results obtained by the present theory and FSDT [12] [13] are in excellent agreement for a wide range of values of modulus ratio. Readers may also see the obtained results by Kant [11] , these values are different from those obtained by FSDT [12] [13] (reproduced strategically besides the presentation of this paper) and the present FSDT. The FSDT results by Kant [11] need to be carefully revised.
Example 2.
A simply supported antisymmetric cross-ply laminates with the thickness ratio varied from 2 to 100 and number of layers varied from 2 to 10 is analyzed using
). The natural frequencies computed using various models for two, four, six and ten layer antisymmetric cross-ply square laminates are given in Table 3 . The obtained results are compared with the TSDT developed by Reddy [34] and those generated by Thai [12] using FSDT. Here also the results obtained by the present FSDT are almost identical with those predicted by existing FSDT [12] . This statement is also firmly demonstrated in Fig. 3 in which the results obtained by the present theory and FSDT [12] shows excellent agreement of natural frequencies of two layer of a five layer sandwich plate with antisymmetric crossply face sheets using all the models are given in tabular form in Table 4 
Here also the results obtained by the present FSDT are almost identical with those predicted by existing FSDT [5] and others like FSDT [13] . This statement is also firmly demonstrated in Fig. 4 and Fig. 5 in which the results obtained by the present theory, the FSDT [5] and the FSDT [13] are in excellent agreement for various thickness ratios and aspect ratios. Also see the obtained results by Kant [11] , these values are different from those obtained by FSDT [5] , FSDT [13] and the present FSDT, having to be equal o almost identical, this statement is also firmly demonstrated in Fig. 5 . Kant [11] reproduced badly the FSDT proposed by Whitney and Pagano [5] and his obtained results are extensively used in the literature.
Finally, it can be mentioned that the present simplified theory were successfully validated through Navier's analytical solution. However, the formulation may be adapted to be verified through Levy solutions considering similar strategies as in this paper. But, it should be furthered investigated. The following proposed simple technique to calculate the 'K' and 'M' element matrices (which comes from the governing Equations (11a-d) and (15)) is perhaps more convenient and simple than the others. ). Table 5 . Figure Legends Note -4: Results using these theories [5] and [13] are computed independently by the authors. Note -5: Results using these theories [5] and [13] are computed independently by authors. Note -6: Results using these theories [5] and [13] are computed independently by the authors. 
Conclusions
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